ABSTRACT Background: Current guidelines for management of patients hospitalised with acute exacerbations of chronic obstructive pulmonary disease (COPD) recommend that clinical decisions, including escalation to assisted ventilation, be informed by an estimate of the patients' likely postdischarge quality of life. There is little evidence to inform predictions of outcome in terms of quality of life, psychological well-being and functional status. Undue nihilism might lead to denial of potentially life-saving therapy, while undue optimism might prolong suffering when alternative palliation would be more appropriate. This study aimed to detail longitudinal changes in quality of life following hospitalisation for acute exacerbations of COPD.
Results: 183 patients (82 ventilated; 101 not ventilated) were recruited. On average, overall quality of life improved by a clinically important amount in those not ventilated and did not decline in ventilated patients. Both groups showed clinically important improvements in respiratory symptoms and an individual's sense of control over their condition, despite the tendency for functional status to decline.
Conclusions:
On average, postdischarge quality of life improved in non-ventilated and did not decline in ventilated patients. Certain quality of life domains (ie, symptoms and mastery) improved significantly. Better understanding of longitudinal change in postdischarge quality of life should help to inform decision-making.
BACKGROUND
Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are often accompanied by a decline in an individual's quality of life (QoL). [1] [2] [3] While recovery following AECOPD managed without hospital admission may be unpredictable and prolonged, 4 5 the time course of recovery following hospitalisation for AECOPD has been infrequently studied and requires clarification. Clinical guidelines recommend that patients whose QoL is "unlikely to recover to an acceptable level" should not receive assisted ventilation when otherwise indicated. 6 Implicit in this statement is an assumption that both clinicians and patients can make a reasonable estimate of what an individual's QoL and functional status will be if they survive the acute admission. However, evidence on this point is sparse, with only a single longitudinal study, which suggested that QoL measurements may continue to recover for up to 9 months following hospital discharge. 7 Despite the prognostic uncertainty, some patients do not receive assisted ventilation because either they or their clinicians expect
KEY MESSAGES
▸ Predictions of subsequent quality of life influence important treatment decisions. This is the first study to describe, in detail, longitudinal changes in quality of life following hospitalisation for COPD exacerbations and demonstrates that, in the majority of patients, quality of life either improves or does not significantly decline. ▸ Following hospital discharge, most quality of life domains took 3 months to recover to baseline levels. Individuals' activity levels tended to decline following discharge but the reduction was not clinically significant. ▸ Quality of life was recorded using multiple validated tools to ensure that all aspects of an individual's quality of life and functional status were assessed. ▸ Previous studies have shown prognostic nihilism is common and non-invasive ventilation is underused in this population. These results should help to inform both clinicians and patients when making important clinical decisions about the appropriateness or otherwise of escalating treatment when the patient's condition potentially warrants it.
their QoL and/or functional status to be unacceptably poor following hospital discharge. Nava et al 8 surveyed end-of-life decision-making in respiratory critical care units across Europe and rated the reasons for withholding or withdrawing treatment on a scale of 1 (most important) to 10 (least important). They showed that predictions of a poor QoL following discharge (specifically, a poor predicted functional status or assumption by the patient that their QoL postdischarge would be unacceptable) were between the second and fourth most common reasons for limiting treatment. As recommended, therefore, important treatment decisions are being made on the basis of clinicians' and patients' predictions of postdischarge QoL and functional status with very little evidence that such predictions are accurate.
In order to clarify the long-term effects on QoL of hospitalisation for AECOPD, we have performed sequential assessments of surviving patients, both those who required and did not require assisted ventilation, over 12 months following discharge.
'Quality of life' is a broad multidimensional concept which includes evaluation of both positive and negative aspects of life. 9 Psychological well-being, functional status, general health-related QoL (HRQoL) and respiratory-specific HRQoL are all domains of overall QoL. The definitions of these domains vary in the literature and there is terminological confusion. The assessment tools used in this study aim to evaluate each of these domains individually but they will also be influenced by general changes in individuals' lives (eg, bereavement, unemployment, medical conditions). Consequently, due to terminological uncertainty and the lack of specificity of the individual tools, we have chosen to use the general term 'quality of life' to describe the changes in HRQoL, psychological well-being and functional status that participants experienced.
METHODS

Patients admitted to two neighbouring hospitals between
December 2008 and September 2010 with an acute exacerbation of COPD, and who survived to discharge, were eligible. Participants were approached prior to hospital discharge and written consent obtained. We aimed prospectively to recruit approximately equal numbers of patients with AECOPD who (A) required assisted ventilation for acidaemic respiratory failure (at any point during hospital stay) and (B) did not need ventilation. To ensure that the recruitment rates of the two groups followed comparable timeframes, over each 2-week period all patients receiving assisted ventilation were approached for consent and this number was matched to the number of non-ventilated patients approached over that period. The total population of patients hospitalised with AECOPD during this time period (n=920) has been described in a previous manuscript. 10 Inclusion criteria were: admission with AECOPD; survival to hospital discharge; a clinical diagnosis of COPD supported by spirometric evidence of airflow obstruction (forced expiratory volume in 1 s (FEV 1 )/forced vital capacity <0.70) during a period of clinical stability; age ≥35 years; smoking history of ≥10 cigarette pack years and admission from their primary place of residence. Spirometry data were obtained in most patients from screening hospital and general practice records. A few patients without previous spirometry, but with a history consistent with COPD and predischarge obstructive spirometry, confirmed 6 weeks postdischarge, were included. Patients were not eligible for inclusion if: they had previously been included in the study; they were receiving domiciliary ventilation; they had comorbidity that was expected to limit their life to <12 months; they had a primary admission diagnosis other than AECOPD; or they had significant cognitive or sensory impairment (resulting in inability to give informed consent or to complete the questionnaires independently). An acute exacerbation was defined as "an acute worsening of the patient's condition from stable-state, which was sustained and warranted additional treatment". 11 The presence of radiographic consolidation at hospital admission did not preclude inclusion.
Written consent was obtained from all participants and the study protocol was approved by the NHS Research Ethics Committee.
Sociodemographic details, comorbidity and medication information and admission clinical data (including baseline dyspnoea severity, measured by the Extended MRC Dyspnoea Score) 12 were collected. Assessments of QoL, based on self-recollection of the preceding month, and health resource use were made once clinical stability had been reached close to discharge from hospital (baseline measurement), and then 6 weeks, 3, 6 and 12 months postdischarge. To avoid selection bias, those unable to attend outpatient clinics were offered a home visit. At each assessment following the index admission, the following were recorded: the number of exacerbations since the last assessment; the number of hospital admissions since the last assessment (including whether assisted ventilation was required) and the length of hospital stay for each admission. At each visit, the St George's Respiratory Questionnaire (SGRQ), 13 Chronic Respiratory Disease Questionnaire (CRQ), 14 Nottingham Extended Activities of Daily Living Scale (NEADL) 15 and Hospital Anxiety and Depression Scale (HADS) 16 were administered. The period of recall for each questionnaire was 1 month. A summary of these tools, and the accepted minimum clinically important differences (MCIDs), is shown in table 1. Any significant medical developments since the previous assessment were also documented. If a patient had died in the interim: date of death; place of death and cause of death were collected.
Variable distribution was assessed by visual inspection of the histogram. Descriptive statistics were used to characterise the patient sample, using proportions, means with SDs or medians with IQRs, where appropriate.
Bivariate comparisons were performed using Fisher's exact test, Student t test and Mann-Whitney U test as appropriate. Mortality data were examined using Kaplan-Meier survival analysis, with groups compared by the log-rank test. Methods used to handle missing QoL data are described below. Missing admission clinical data were uncommon: five patients in the non-ventilated group had no ABG recorded. Where necessary, data were imputed using the expectation-maximisation algorithm 17 based on our larger (n=920) cohort. The peak (ie, best) QoL score during follow-up was chosen to represent the time at which QoL had recovered from its baseline level. The mean time between baseline and 'best' QoL described the average recovery time following hospital discharge. In order to obtain a global assessment of QoL change over time, we calculated the time-weighted mean changes (D) during the follow-up period (see online supplementary figure E1). These were compared to the MCID for the relevant questionnaire (table 1) to estimate whether, on average, an individual's QoL changed by a clinically significant amount.
We have assumed that the change in QoL between assessments was related to time in rectilinear fashion. If a participant failed to attend a follow-up appointment but their QoL was recorded at the next scheduled visit, a time-adjusted average was imputed for the missing value by assuming a linear change between the two data points either side of the missing assessment. If no follow-up visits were attended, the individual was excluded from analyses of longitudinal QoL data. Similar to previous studies, 18 19 for each questionnaire (except HADS), death was equated to the score representing the worst QoL, and if a patient died during follow-up, a linear decrease in QoL was assumed from the value at the last assessment to the time of death.
RESULTS
Of the 183 patients recruited, 82 received assisted ventilation. During the period of the study, only 6.6% of patients with COPD exacerbations who developed respiratory acidaemia and did not improve with standard management either refused or were judged unsuitable for assisted ventilation. Compared with non-ventilated patients, ventilated patients: had more severe background COPD and a more severe exacerbation (ventilated patients were more likely to: have previously received assisted ventilation; have lower mean FEV 1 % predicted; have worse stable-state dyspnoea and have been prescribed long-term oxygen therapy); and were more likely to be female (table 2) .
At the time of hospital discharge, ventilated patients reported that, prior to hospitalisation, they had less severe respiratory symptoms (lower SGRQ symptom domain, p=0.021), but their respiratory symptoms had a greater impact on their emotional function (lower CRQ emotional function domain, p=0.061) and they reported lower levels of activity (lower NEADL, p<0.001). There were, however, no other differences in QoL (measured using either SGRQ or CRQ) or symptoms of anxiety or depression between the two patient groups.
Most patients (n=130, 71%) were rehospitalised during the 12-month follow-up period (median (IQR) readmissions=1 (0-3), range 0-15). In total, 157 (86%) patients reported at least one episode of AECOPD during follow-up (median (IQR) AECOPD=3 (1-6), range 0-15). Ventilated patients were more likely to be readmitted and spent more days in hospital during the 12 months following discharge (table 3) . Thirty-five (19%) patients died during follow-up: mortality was nonsignificantly higher in ventilated compared with nonventilated patients (23.2% vs 15.8%; log-rank p=0.20; figure 1 ).
For the whole population (n=183), at the time of hospital discharge, lower self-reported functional status was associated with higher 12-month mortality (mean (SD) SGRQ activity=77.9 (16.3) in survivors vs 85 (12.8) in non-survivors, p=0.021; and median (IQR) NEADL=38 (28-45) vs 28 (14-37), p<0.001). Mortality was also nonsignificantly higher in patients with higher scores in the SGRQ impacts and HADS depression domains ( p=0.071 and 0.082, respectively; see online supplementary table E1). Lower self-reported functional status (SGRQ activity and NEADL) was significantly associated with higher rates of hospital readmission ( p=0.012 and p<0.001, respectively; see online supplementary table E2).
Of 732 potential outpatient follow-up assessments, 67 (9%) visits were not attended: complete follow-up of longitudinal QoL data was available on 152 patients figure E2 shows details of follow-up attendance during the study. Seven patients did not attend any follow-up appointments following hospital discharge and were therefore excluded from longitudinal QoL analysis. Most QoL measures peaked at 3 months following discharge, with the exception of activity levels (measured using NEADL and SGRQ activity) which peaked after 6 weeks. For all measures of QoL, except those measuring patient activity (SGRQ activity domain and NEADL), a quarter of patients took 6 months or longer to fully recover (ie, reach their peak QoL). The time course of QoL recovery was statistically similar between ventilated and non-ventilated patients.
In non-ventilated patients, compared with their reported status at discharge, most patients experienced:
improved overall QoL (DSGRQ total=−4.55 (MCID= ±0.5)); improved respiratory symptoms during the year of follow-up (DSGRQ symptoms=−11.8 (MCID=±4)); less impact of their disease on their QoL (DSGRQ impacts= −5.36 (MCID=±0.5)); improved sense of control over their condition (DCRQ mastery=0.87 (MCID=±0.5)); and less anxiety (DHADS anxiety=−1.70 (MCID=±1.5)). Non-ventilated patients' activity levels worsened during the 12-month follow-up (DSGRQ activity=0.60 and DNEADL=−2.69) although these changes were not clinically significant (table 4) . On average, for ventilated patients, overall QoL did not decline following discharge (DSGRQ total=0.05) and their respiratory symptoms (DSGRQ symptoms=−4.80) and sense of control over their condition (DCRQ mastery=0.66) improved by a clinically important amount. Non-ventilated patients had a statistically significantly greater improvement in overall QoL (SGRQ total, p=0.019) and respiratory symptoms (SGRQ symptoms, p=0.017) than those ventilated. Furthermore, the impact of their respiratory disease (SGRQ impacts) improved significantly more in non-ventilated patients ( p=0.024; table 4). There were no differences in DCRQ, DHADS or DNEADL between the two groups, although nonventilated patients showed a trend towards greater improvement in activity-specific breathlessness (CRQ Dyspnoea, p=0.11).
In approximately 70% of those ventilated, symptoms and overall QoL improved or remained static following discharge. In non-ventilated patients, overall QoL clinically improved in the majority and only 24% experienced a clinically significant decline following discharge (table 5) .
Within the whole population (n=176), compared with those who were not readmitted during follow-up, readmitted patients had significantly less improvement in QoL for all measures except those assessing depressive symptoms (mean change in HADS depression, p=0.50). There were no significant relationships between self-reported exacerbation frequency during follow-up and mean change in QoL (see online supplementary table E3).
DISCUSSION
Most patients admitted to hospital with AECOPD did not experience an overall decline in QoL during follow-up, and in certain domains (disease-specific symptoms, mastery of their condition and anxiety levels), QoL improved by a clinically important amount (table 4) . In addition, QoL of patients treated with assisted ventilation was, on average, stable or improved during follow-up. The QoL of patients readmitted within 12 months of discharge was significantly poorer than that of those who were not readmitted, but even among readmitted patients, QoL did not decline on average. QoL recovers slowly following discharge with, on average, most QoL domains taking 3 months to recover. Therefore, despite a poor outcome in some individuals, the majority of patients did not experience declining QoL and hence our results suggest that treatment decisions should not be influenced by an assumption that following discharge, a decline in QoL is inevitable. This is the largest study to date investigating QoL following hospital admission for AECOPD and is the only one to report longitudinal changes over 12 months following discharge. Although COPD is a chronic condition Figure 1 Twelve-month survival of ventilated and non-ventilated patients. with a typically progressive course, there are fluctuations in symptom burden and QoL, often related to exacerbations. Previous studies investigating QoL change between only two time points, or widely spaced intervals, will not have adequately reflected this variation and the repeated measurements in our study will better take account of such subtleties. However, the accuracy of our assessment of mean change in QoL could have been improved with even more frequent assessments, but this would have been impractical. We opted to analyse patient death in a similar way to that used in the measurement of preference-based QoL (ie, utility), whereby the lowest possible score on the measurement scale is assigned to indicate patient death. 20 Although this methodology is not common in QoL studies in stable COPD, it is important to include death in the assessment, because if ignored, the gradual decline in QoL which typically precedes death 21 will also be ignored. Even though the time course of QoL change, both between assessments and prior to death, may be uncertain and our assumption of a linear change may not fully reflect short-term variation, an area under the curve approach is likely to be a more accurate approximation of true QoL change than comparisons limited to specific time points. QoL was not recorded prior to hospital admission. QoL measured at a point of clinical stability close to the time of hospital discharge was used as the 'baseline' measure. Patients were asked to consider their QoL over the preceding month when completing the questionnaires. The effect of their recent hospital admission on their self-reported QoL is uncertain and this methodology may result in an overestimation or underestimation of the QoL improvement during follow-up.
In the present study, the ventilated cohort had severe COPD (table 2) , although the 12-month mortality rate was lower than previously reported in comparable studies: 23% vs approximately 31-49%. [22] [23] [24] Compared with a similar study from 2002, 22 our ventilated cohort were younger and had less frequent previous hospitalisations which combined with improvements in postexacerbation management (ie, supported pulmonary discharge and rapid response outreach service) may, in part, explain the lower mortality. We found expected differences between patients who received assisted ventilation and those who did not (table 2) , although somewhat surprisingly, those who were ventilated reported less severe COPD symptoms (measured with SGRQ) in the month prior to hospital discharge than those not ventilated (table 2). The ventilated patients may have reported fewer symptoms because they were less active (significant difference in NEADL scores and eMRCD) or because they had had a longer hospital stay and their QoL may have recovered in-hospital to a higher level than that of non-ventilated patients. Furthermore, the effect of surviving a recent lifethreatening illness has on individuals' QoL is uncertain. We are not aware of any publications comparing change in QoL between ventilated and non-ventilated patients. To provide context for our longitudinal QoL data, we have compared the results in the two groups. There are, however, important baseline differences between the two populations (table 2) and therefore the clinical implications of statistically significant differences are unclear. We have highlighted where statistically significant differences were found but would emphasise that the clinically relevant comparison of mean change in longitudinal QoL for each group is with the MCID for that instrument.
There is little published data on longitudinal change in QoL in patients surviving hospital admission for AECOPD. O'Reilly et al 25 showed that patient-reported activity limitation and psychological symptoms improved during admission, but deteriorated between hospital discharge and 3 months postdischarge, although the statistical significance of these results is not stated. These results conflict with the only similar study 26 which showed that patients' symptoms improved progressively from admission (day 0) to day 40 ( postdischarge). However, the latter study assessed symptoms whereas O'Reilly et al assessed activity limitation, and neither study interpreted the change in QoL in the context of an MCID. Comparison of these results with ours is complicated by the different time periods investigated, the different QoL components measured and uncertainty over whether the changes identified were clinically important. Andenaes et al 7 assessed QoL change (using the SGRQ) over a 9-month period in patients hospitalised with AECOPD. Although not stated, the low in-hospital mortality rate (3.9%) suggests that most were not ventilated. Andenaes et al showed that, for all SGRQ components except the symptoms domain, QoL was significantly better (both statistically and clinically) at 9 months following discharge than at admission. This differs from our findings (table 4) , where non-ventilated patients showed an overall improvement in all SGRQ domains except activity. Wildman et al 27 showed that 73% of patients surviving intensive care following an exacerbation of COPD or asthma reported that their QoL was better than or equivalent to before admission, and Connors et al 28 reported that 51% of patients hospitalised with a severe AECOPD claimed to have good, very good or excellent QoL 6 months after discharge. It is not possible to compare our findings quantitatively with these studies, but the suggestion that patients hospitalised with a severe exacerbation of COPD do not inevitably experience a decline in QoL following discharge is consistent. In our study, improvement in QoL was significantly less in patients who required rehospitalisation within 12 months following discharge than in those not readmitted. There were, however, no differences between those with more or less frequent exacerbations (see online supplementary table E3). It is not possible to state whether it is exacerbation severity or the location of care which impacts on QoL, but this is a finding which merits further study.
Following hospital discharge, in spite of frequent adverse outcomes, the overall QoL of the majority of individuals does not deteriorate from the level experienced during the few weeks prior to hospital discharge, and in many patients, it may improve (table 5). In keeping with national recommendations, 6 decisions regarding the appropriate ceiling of care are often made on the basis of patients' and clinicians' predictions of subsequent QoL. Incorrect estimates of postdischarge QoL may lead to either: patients being denied potentially beneficial escalation of care; or a prolongation of suffering when palliative approaches may be preferable. These results provide long-term data on expected QoL following hospitalisation for AECOPD and we recommend that poor or declining QoL postdischarge should not be assumed when discussing and making decisions about the appropriateness of escalating treatment when the patient's condition potentially warrants it.
